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Motivation for tectonic modeling
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And then | saw Europa...

[NASA/IPL-Caltech/SET! Institute] Surface a ge of 20 to 200 Myr 3



Bands and Extension

Reconstruction of Thynia Linea
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The Ice Shell

[NASA/JPL-Caltech] 5



Band Types

Smooth band Lineated band
Thynia Linea (Europa) Yelland Linea (Europa)



Band Types

e
)

R o e NPT

AT

—~

Groove lane

Ridged band

Tiamat sulcus (Ganymede)

Unnamed (Europa)



Numerical modeling
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Governing and constitutive equations
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Conservation of Mass:

Vv =10

Conservation of Momentum: sources and

IS

nVv +pg = Vp

viscous forces body forces

Conservation of Heat: conduction (contains

convective temperature and conductivity
heat transportDT gradients )
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Deformation Mechanisms

10 km
" Dislocation creep B GBS
Diffusion creep B Basal slip
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25 km shell
(T er) = 1013 Pas I
no fault healing

log 1 o(n [Pa-s]) - Time: 2.0799 kyr

Small faults quickly
transition to plastic yielding
(conveyor belt)

Depth [km]
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Fossil ocean can reach
surface after ~1 Myr (20 km
total opening)

11



25 km shell
(T er) = 1013 Pas I
no fault healing

log 1 o(n [Pa-s]) - Time: 2.0799 kyr

Small faults quickly
transition to plastic yielding
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25 km shell
N(T¢) = 1014 Pa's I
no fault healing

Iogw(n [Pa-s]) - Time: 2.5622 kyr

Small faults transition to
plastic yielding (conveyor
belt) a little more slowly

Depth [km]
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Fossil ocean doesn’t quite
reach surface after ~¥1 Myr
(20 km total opening)
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25 km shell Rifting transitions to plastic Fossil ocean nowhere near
N(T.¢) = 10> Pa's yielding only after surface after ~1 Myr (20 km

15 ky annealing timescale ™ 750 kyr total opening)




Summary of Example Models

I']( Tmelt) [Pa S]

Diffuse faulting Diffuse faulting Moderate faulting

Convection thins lithosphere

Faults coalesce Diffuse faulting

No more faults Faults coalesce

Total Model Strain [%]

No more faults No more faults

 Diffuse faulting

-

10 km Fault Annealing Timescale [kyr]
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Conclusion: A spectrum of extensional terrains

Bands share a common formation spectrum
Band type is an indicator of relative lithosphere strength
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Questions?

* Bands share a common formation spectrum
* Band type is an indicator of relative lithosphere strength
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